The readymade garment (RMG) industry plays a vital role in the socio-economic development of Bangladesh, yet the sector suffers from poor fire safety records. Given the lack of fire risk assessment in the industry, this paper develops a Fire Risk Index (FRI) for individual RMG factories and surveys 60 such factories to develop an understanding of the fire safety conditions in the sector. The paper differentiates the risk factors into structural (hard) and management related (soft) parameters and develops FRIs for the structural factors. The FRI for structural parameters is then compared with the FRI for management factors, published earlier. While an overall mean FRI of 2.12 on a 4 point scale indicates that fire safety condition is quite poor, the FRI for soft parameters (1.80) are even lower than the FRI for hard parameters (2.58), indicating the critical importance of the soft parameters in fire safety assessment of the RMG factories. Within the hard parameters, there appears to be more reliance on firefighting and means for escape than on precautionary measures to contain the fire, which could explain the higher frequency of fire occurrences in the industry. FRI for both hard and soft parameters appear to follow a U shaped relationship with factory size, possibly indicating a Kuznet's effect in fire safety in the garment sector. The poor FRI for hard factors indicates large deviations from safety requirements set in this work and asks for a stricter monitoring and enforcement regime. Improving the performance in the soft parameters, however, would require changes in the safety culture and practices.
Introduction
The readymade garment (RMG) industry plays a vital role in the socio-economic development of Bangladesh. At present, this sector consists of around 4,200 factories [5] and generates 80% of the country's total foreign earnings amounting to US $24.49 billion in the last financial year [7] .
More than 4 million people are employed in the garment industry, of which 80% are women [6, 1] . Besides, being a large source of female employment, the RMG sector also influences other industries like fabrics, packaging, banking, transportation, real estate, hotel and tourism, etc [8] .
Despite the benefits, workplace safety in this highly labor intensive industry is not satisfactory.
Numerous accidents in factory floors have affected the reputation of the industry in both home and abroad poorly. Although the Rana plaza accident in 2013, where a factory building collapsed to leave more than a thousand workers dead [3] , attracted large attention and action from the Western world, fire related accidents are more frequent and as such more fatal when aggregated over time. Although detail statistics are unavailable, short circuit of electric cables and explosions of chemicals on factory floor are deemed to be the major causes of these fire accidents. Fire accidents cost hundreds of workers' lives and livelihoods along with huge equipment and material loss. However, there is a dearth of studies that attempt to understand the fire risks associated with the industry.
Set in this context, Wadud et al. [19] developed a quantitative Fire Risk Index (FRI) for the factories in the RMG sector and systematically assessed fire risk of 60 randomly selected garment factories in Dhaka, the capital of Bangladesh. This research complements and extends the earlier work of Wadud et al. in several ways. Firstly, this paper focuses on the structural factors affecting fire safety, which we call the 'hard' factors, as opposed to Wadud et al.'s focus on management practices or 'soft' factors. Secondly, we compare the fire safety performance of different types of RMG factories with respect to the 'hard' parameters. Finally and most importantly, we compare the safety performances of the sample factories with respect to structural (hard) and management oriented (soft) factors and investigate whether there is any relationship between the two. In order to compare the safety performances, we develop a Fire Risk Index (FRI) similar to Wadud et al. [19] for the 'hard' parameters. Although the study focuses on the RMG sector in Bangladesh, it is relevant for a wide range of labour intensive industries in the developing and emerging countries, where occupational hazards and safety can often be neglected. The recent fire accidents in an RMG factory in Pakistan (314 fatalities, [16] ) or a shoe factory in Philippines (72 fatalities, [9] ) highlight the importance and wider appeal of this research.
The paper is organized as follows. Section 2 discusses the current state of fire safety measures in the garment sector of Bangladesh. Section 3 presents the research methodology, describing the development of fire safety assessment method, selection of parameters, their relative importance and grading of the parameters. Section 4 presents the results of 'hard' side while section 5 compares the results of 'hard' side to 'soft' side. Section 6 concludes.
Current State of Fire Safety Measures in the RMG Sector of Bangladesh
All factories including those in the RMG sector in Bangladesh, have to obtain certification from Bangladesh Fire Service and Civil Defense Authority (BFSCDA) for their compliance with fire regulations. Newly constructed purpose-built factories have to comply with Bangladesh National Building Code of 1993 (BNBC-93) and have to obtain the certification of local authorities assigned from the Ministry of Housing and Public Works, Government of the People's Republic of Bangladesh. Factories operating in old buildings (buildings those were built before the code was formulated but was in practice), have to collect another fitness certificate from the BFSCDA, which allows them to get a second certificate from the Ministry of Housing and Public Works. According to BFSCDA regulations, garment factories have to take an operational certificate at the very beginning of operation from them and this certificate have to be renewed in every month by the respective zone officials. BFSCDA officials check a total of 61 parameters of which 41 parameters are structural or 'hard' in nature [4] . We define the 'hard' factors as those whose conditions cannot be changed very quickly. These parameters are often structural in the sense that building construction and architectural codes often dictate these factors, although there can be other factors which cannot be changed overnight such as purchase of an equipment. An excellent example of 'hard' parameters is the number and specification of fire exit requirements in the building codes, while the relevant 'soft' factor can be whether the exits are locked or Page 4 of 28 blocked or fully operational at the time of survey. Similarly, the number of fire extinguishers is checked by the BFSCDA officials during their survey of the factories, yet whether the extinguishers are in working condition is not. The number and presence of fire extinguishers is a hard parameter because they may not be procured overnight, while the workability at a specific period of time is a soft parameter as it reflects the management practices of inspection and maintenance. Since the buildings are expected to have been built following the building code, our initial expectation is that the 'hard' parameters would be in a better condition as compared to the 'soft' parameters, the performance in which can change from day-to-day due to management practices. Figs. 1-2 show examples of hard parameters, where the safety regulations have not been met. A comparison of BFSCDA checklist and BNBC-93 shows that some major precautionary steps of 'hard' parameters as per BNBC-93, e.g. existence of central command center, existence of announcement system, presence of fire damper, maximum length of travel distances toward nearest exit, widths of stairways and corridors, etc. are missing from the BFSCDA checklist.
Since the objective is to understand the fire safety situation in practice in the RMG factories and not to check regulatory compliance, we develop our own list of parameters to calculate FRI in this work. Although the focus is wider safety environment, fire safety forms a part of their monitoring process as well. [20] . But the main disadvantage of this method is the requirement of an excellent record of past fire incidents to derive accurate probabilities [14] which is rare in most developing countries like Bangladesh. Therefore, the indexing method has been chosen for this research due to its practical advantages. Besides, Hultquist and Karlsson [12] found that probabilistic and index methods provide exact ranking for four multi-storied buildings in Sweden, and gives confidence that our results will not be widely off the mark. ( 1) where, wi is the weight value which is used to determine the variations in importance of various parameters relative to each other, xi is the grade point (a dimensionless score) for parameter i and n is the total number of parameters.
Research Method and

Selection of the Parameters
In Bangladesh, garment factories are required to follow the rules and regulations of fire safety set by the BNBC and BFSCDA. There is no other standard set by any regulating authority to ensure the operational fire safety in the garment factories. In this research, the parameters were initially selected using the BNBC-93, BFSCDA checklist, Bangladesh Gadget of the Ministry of Housing and Public Works, literature review and consultation with fire safety experts. A pilot survey was initially carried out in two garment factories to ensure that whether the parameters are 'quantitatively' measurable during survey. After final scrutiny, 22 'hard' parameters have been chosen, under 3 categories namely precautionary requirement, means of escape, and in-built firefighting facilities. 
Performance Grading Scheme
During the field inspection of the garment factories, each of the 'hard' parameters is given a grade point, xi in equation 1, for each factory, ranging from 0 (zero) to 4 depending on the factory's performance, where 0 (zero) depicts the absolute absence and 4 represents a 100% compliance in that specific parameter. For some of these structural parameters, there are prescribed standard values in the BNBC-93 or Bangladesh Gadget, which are directly used as the standard for measuring and comparing the present status of the parameters. The performance in some of the parameters was difficult to measure quantitatively, and grade points are awarded based on qualitative observation in these cases. The scale of grading has been formulated by consultation with the experts, management of the garments factories, workers of the garments and BFSCDA officials. Table-2 deviation from the standard value, and thus assigned a grade point 2 as per Table- 2. 'Soft'
parameters are graded in a range from 1 to 5 and this grading scheme is available in Wadud et al. [19] . 
Development of Weights
The (Table-3 ) along with the parameters list was explained to the experts. When an expert considered that deficiencies in the specific parameter will cause high damage to both life and goods, he/she awarded the parameter with maximum weight of 5 and when the expected damage is minimal, it was given a minimum weight of 1. Based on their own judgment and experience in fire safety, experts provided the weights of the parameters as in Table 3 , independent of the grades as in Table 2 . In this research, we have taken the arithmetic average for the weights of each parameter. To ensure that the weights are not influenced by one or two extreme values, we remove the maximum and minimum weight for each parameter and then average the weights for remaining eight experts and calculate the FRI. Table-4 provides the weight value of the 'hard' parameters.
Our earlier work also shows that the FRIs for soft parameters were not sensitive to the use of 8-expert or 10-expert averaged weights, indicating a good degree of agreement between the experts. Detail description of this procedure and the weight value of the 'soft' parameters can be found in Wadud et al. [19] . was collected from the BGMEA directory.
Note that these are the same 60 factories for which Wadud et al. [19] calculated the FRI for 'soft'
parameters. Therefore the randomness of the factories is the same as those, while the surprise element of the survey visit was also maintained in order to avoid the announcement bias.
However, we recognize that for 'hard' parameters announcement bias may not be as important as the 'soft' parameters, given the conditions of the 'hard' parameters are difficult to change overnight. The same two surveyors (of whom one is a co-author) carried out the surveys at every factory, and agreed on grades in every parameter, potentially removing any bias during inspection. 
Fire Safety Status for 'Hard' Parameters of the Garment Factories
In our grading strategy, a higher FRI means a lower fire risk. Fig. 4 represents the distribution of FRIs for all the factories. Mean FRI for all the 'hard' parameter is 2.58 which is significantly below from the ideal value of 4. Only 10 factories (16.67% of the total sample) are in 'Good'
condition with a deviation of less than 10% from the standard value. FRIs in 46 factories (76.67% of the total sample) lie between 2 to 3, which means that most of the parameters in these factories deviate from 10% to 30% from the standard value. Looking at FRIs of individual groups of parameters, precautionary requirement section shows the worst scenario. The mean FRI for precautionary requirement section is only 2.40 which is much lower than the overall mean FRI of 2.58 and the difference is statistically significant with a paired t test (t=5.13, p<0.01). 15 factories (25% of total sample) have FRI from 1 to 2 with a deviation of more than 30% from the standard value. Only 6 factories scored FRI above or equal to 3. Our next analysis focuses on the BFSCDA checklist. Comparing the checklist with our parameters, we find 10 common ones. In an ideal scenario, all the garment factories should score a near perfect score for these checklist parameters, given the factories are all in use. However, the modified FRI (FRIchklst) for these common parameters (i.e. when i in equation 1 presents the common parameters, n=10) is still only 2.74 which is well below the ideal value of 4. This indicates that there persists a large deviation between BFSCDA certification and 'on-site' fire safety performances. Considering only the additional 12 parameters in our study, the modified FRI (FRIadd) is 2.44, which is statistically smaller than FRIchklst (paired t test, t=9.02, p<0.01).
Thus the presence of the parameters in the certification checklist improves the performance in those factors, although the absolute performance is still of concern.
Fire Safety Status and Factory Type
An important objective of this research is to investigate any relationship between fire safety performance and factory characteristics such as the size or location or membership of the trade body, BGEMA. In Fig. 6 , the FRI indices for the hard parameters of the 60 factories are plotted against the factory size, where factory size is proxied by the number of employees. Although no statistical test is carried out, it appears the relationship can be represented by a broad-brush U shaped curve. This is similar to Wadud et al.'s [19] earlier finding for soft parameters, and supports the Kuznet's curve hypothesis [10] in fire safety in the RMG industry of Bangladesh. Next, we investigate the effect of membership of the factories in the trade body, BGMEA, the hypothesis being that the member factories would be better informed about and more willing to 3 Kuznets hypothesized that as countries grow wealthier environmental pollution increased but then reduces as the wealth reaches a threshold. In fire safety this is possible as concerns for fire safety may not be a priority during the initial phases of growth of a factory, but beyond a threshold size, worker power may become important and management becomes more worker friendly and improves fire safety performance.
ensure worker safety. The spider diagram in Fig. 7 plots the average grade points (non-weighted)
for each of the hard parameters for member and non-member factories which reveals that the average FRIs for member and non-member factories are similar (2.59 vs. 2.58). However, comparing the FRI for the 10 most important 'hard' parameters (FRItop10) as per Table 4 , we find that BGMEA member factories are marginally better off than non-member factories (2.67 vs.
2.57).
A two sample t test (t=4.52, p=0.07) provides statistical justification to this finding. (G1 or G2). However, in practice, many of the RMG factories are housed in buildings which do not comply with the 'G1' or 'G2' criteria. Out of the 60 garment factories, 43 factories were correctly operating in buildings are categorized as either 'G1' or 'G2'. The rest 17 (28.3% of the sample) are operating in buildings which were originally designed as offices or markets. Clearly, RMG factories which are housed in proper 'G' type building should have a better fire safety status than other factories. Based on the occupancy type of the factories, the modified FRI (FRIG) for 'hard' parameters of these 43 factories is 2.73 while for rest 17 factories FRINonG is only 2.22.
The difference is statistically significant through a two sample t-test (t=5.96, p<0.01). Therefore flouting the regulatory requirements clearly undermines the fire safety condition of the factories.
It is vital that such regulatory violations are curbed through establishing appropriate governance and institutional framework.
Comparison of Safety Performance between 'Hard' and 'Soft' Parameters
One of our major objectives of this research is to compare the safety performance of the RMG factories with respect to 'hard' and 'soft' parameters. As mentioned earlier, the 'soft' factors are those that can be changed very quickly due to changes in management practices. Table-5 depicts the list of 'soft' parameters. Wadud et al. [19] argued that the 'soft' parameters are crucial in understanding the fire safety performance of the RMG factories in Bangladesh and other developing countries since they can deteriorate very quickly due to incompetent management practices. Figures 8-10 show examples of the importance of the 'soft' parameters, where the 'hard' conditions are met, yet management practices nullify the objectives of the 'hard' parameters. [19] . Although in Wadud et al.
[19] the 'soft' factors were graded from 1 to 5, we recalibrated those from 0 to 4 for ease of comparison in this paper. Fig. 11 presents the distribution of hard and soft FRIs for all 60 factories. The mean FRI for all 'soft' parameter was only 1.80 whereas for 'hard' parameter it is 2.58. A paired t-test indicates the difference to be statistically significant (t=15.25, p<0.01).
Therefore, on average, the factories perform better in the hard parameters. It is also clear that but for two factories, the FRIs for soft parameters are consistently worse than the FRIs for hard parameters. The fire safety performance in the soft parameters is clearly quite alarming in comparison to the hard parameters. The poor FRIs in the soft factors show a clear lack of day-today safety culture among the RMG management. The impact of BGMEA membership on the FRI is more pronounced for the soft parameters than for the hard ones. As mentioned earlier, for average FRI of hard parameters there were no difference between BGMEA members and non-members, but for soft parameters the FRIs differed at 85% confidence level (1.89 vs. 1.75). For the 10 most important parameters, the BGMEA factories are better for both hard and soft parameters.
Conclusions
This research had three objectives: developing a FRI for hard or structural parameters affecting fire safety in the readymade garment factories in Bangladesh, unearthing any relationship that may exist between factory characteristics and its fire safety performance, and finally comparing the FRI with respect to structural and management oriented factors. Across the 60 factories surveyed, we find a mean FRI of 2.58 for structural factors in a scale of 4 to be less than satisfactory. This is, however, better than the mean FRI with respect to the soft factors, which is only 1.82 on a similar scale, indicating the poor 'in-use' safety conditions in the factories.
Combining them both, an overall mean FRI of 2.12 for the 60 factories also indicates an alarming condition.
The poor FRI in the hard parameters means substantial investment is required to improve the safety performance related to these structural parameters. Regular monitoring and enforcement is important in maintaining the structural parameters in satisfactory condition. Simple measures such as enforcing the regulation that the factories are housed in buildings designed for the appropriate occupancy type could improve the fire safety substantially (from 2.22 to 2.73). Our research shows that there is a larger reliance on firefighting and fire escape measures than on precautionary measures to limit the growth of a fire. This possibly explains the frequent occurrence of fire incidents in the RMG factories in Bangladesh. It is therefore also important to change the fire management culture from 'damage control' to 'incidence avoidance'.
Although we categorized our 'hard' parameters among three categories according to BNBC-93, review of literature on fire safety shows that many of these parameters need to be reassigned to different groups. Especially, most of the parameters in the precautionary measures of BNBC-93
(and as such, here) would most likely fall within the means of escape category in other fire indexing methods. Therefore, the building code should be corrected to resolve these discrepancies.
The even poorer FRI for management-related soft factors can be more crucial. Compared to the hard factors, conditions of the soft parameters can be substantially different between two days, thus affecting on-site the risks rapidly. A good performance in hard factors, which is generally part of compliance checklists could make the management complacent and ignore the importance of the soft parameters. At the same time, the poor performance in the soft factors offers the opportunity for the RMG factories to improve their fire safety conditions rapidly. Improvements in the soft parameters will likely require much less capital investment (compared to hard parameters), especially some of the most important soft parameters, where performances are the poorest require little investments to improve. These soft parameters are: locked exit, partially or fully blocked exits and corridors, workability of announcement system, fire drills and training of fire extinguisher operators. However, maintaining an acceptable level of safety in the soft factors requires continuous monitoring from the management and a change in the safety culture and practices, which is more difficult. Sudden, unannounced monitoring from the regulatory authorities can also help improve these factors.
Attempts to recover any relationship between the deficiencies in management practices and limitations in structural factors in fire safety were moderately successful. In general, factories tend to perform similarly in both the factors (i.e. linear), although the relationship is statistically not very strong -especially at higher end of the FRIs for hard factors, the relationship between the FRIs of hard and soft factors is quite weak. However, FRIs for hard and soft factors both tend to follow a U shape relationship with factory size, which indicates the potential presence of Kuznets curve in fire safety.
Because of the ongoing efforts of the Alliance and the Accord on improving the worker safety conditions in the RMG sector in Bangladesh, it is expected that the fire safety conditions have improved recently, especially in the hard factors, given that is the major focus. However, our work still remains important for at least two reasons. Firstly, along with Wadud et al. [19] , this study forms the only 'baseline' of the original conditions of fire safety in the RMG sector in Bangladesh against which the recent results can be compared to measure the improvement in the industry and the effectiveness of the recent efforts. Secondly, the checklists used in the recent surveys are still dominated by hard parameters and have limited application in understanding the management-related day-to-day fire safety factors, which can be vitally important in practice. http://www.dailymail.co.uk/news/article-3081475/Fire-kills-72-people-Manila-shoe-factoryworkers-trapped-second-floor-iron-grills-placed-windows.html. Retrieved September 2015.
